INTRODUCTION {#sec1-1}
============

Prostate cancer (PCa) as a urological malignancy has the highest incidence of bone metastases. Half of PCa patients with bone metastases will succumb within 30 months of detection. Bone metastasis causes some of the most distressing symptoms of advanced stage cancer, with 22% patients requiring treatment for single or multiple pathological skeletal fractures, 7% for spinal cord compression, and 3-4% for hemiparesis or paresis.\[[@ref1]\] Bone metastases due to disease and bone loss due to treatment are the major contributors to patient morbidity in PCa. Unfortunately, this aspect of PCa often remains neglected and ignorance about optimum management of bone health in PCa patients is common even today. In a recent survey amongst 108 randomly selected, qualified Indian urologists, it was found that a majority of them have not been following the recommended guidelines related to bone health management.\[[@ref2]\]

PROSTATE CANCER AND BONE COMPLICATIONS {#sec1-2}
======================================

Normal bone physiology {#sec2-1}
----------------------

A healthy bone maintains its structural integrity by a continuous process of bone remodeling that involves osteoblasts for bone formation and osteoclasts for its resorption. The formation of bone by osteoblasts involves the production of typeI procollagen, followed by its processing, modification, and secretion. Secreted typeI procollagen is cross-linked to form aligned helical arrangements of multiple collagen fibrils and fibers. This typeI collagen-rich matrix which also contains other matrix proteins undergoes mineralization to form bone. Monocyte/macrophage progenitors give rise to osteoclasts, which after maturation bind to bone to create a sealed vacuole. Acidification of this vacuole by lytic enzymes leads to bone resorption.

Receptor activator of nuclear factor κB (RANK) is a member of the Tumor Necrosis Factor (TNF) receptor superfamily and is expressed by osteoclasts. Receptor activator of nuclear factor κB ligand (RANKL) activates RANK, which in turn activates osteoclasts. RANKL is expressed by osteoblasts and bone marrow stromal cells. Osteoprotogerin (OPG), on the other hand, is a decoy receptor for RANKL, expressed by osteoblasts and protects bone from resorption.\[[@ref3]\]

Pathophysiology of bone metastasis {#sec2-2}
----------------------------------

Bone metastasis in PCa is a state of high bone turnover involving both osteoblasts and osteoclasts. Osteoclasts erode trabecular bone and osteoblasts form sclerotic woven bone. The woven bone thus generated, though dense on radiography, is structurally weak and associated with increased risk of fracture.\[[@ref4]\]

New bone formation causes hypocalcemia, leading to secondary hyperparathyroidism. Parathryroid hormone induces RANKL expression in osteoblasts and bone marrow stromal cells, which further stimulates osteoclast formation \[[Figure 1](#F1){ref-type="fig"}\].

![Schematic illustration of bone metabolism in prostate cancer](IJU-29-89-g001){#F1}

Pathophysiology of age and ADT-related osteoporosis {#sec2-3}
---------------------------------------------------

Age has its own impact on bone strength. The incidence of osteoporosis in men older than 50 years is roughly 13% in the western world. Both testosterone and estrogen contribute to bone mineral density (BMD) and are correlated with increased fracture risk among older men in general population. Men older than 60 years have a 25% chance of experiencing fracture due to osteoporosis. Furthermore, the mortality of hip fracture in men is almost quadruple that in women.\[[@ref5]\] Factors that increase the risk for osteoporosis in men include age (\>70 years), low body weight (body mass index \<20-25 kg/m^2^), weight loss \[\>10% (compared with the usual young or adult weight or weight loss in recent years)\], physical inactivity, corticosteroid use, and previous fragility fracture.\[[@ref6]\]

Androgen deprivation either by surgical castration or by gonadotropin-releasing hormone (GnRH) analogs or antagonists is a pivotal treatment modality in PCa. Surgical or medical castration generally lowers serum testosterone to \<20 ng/ml. Estrogen, being produced by peripheral aromatization of testosterone, is also low during androgen deprivation therapy (ADT). Both testosterone and estrogen contribute to BMD and are correlated with increased fracture risk among older men in general population. BMD decline of approximately 3% at lumbar spine and 2% at hip has been shown during the first year of ADT therapy.\[[@ref7]\] Retrospective studies have estimated fracture rates in the range of 6-9% in men on ADT and 13-40% in those treated with bilateral orchiectomy.\[[@ref8]\] Intermittent ADT has been found to be no better than continuous ADT with regards to bone loss.\[[@ref9]\]

Clinical manifestation of bone metastases and bone loss {#sec2-4}
-------------------------------------------------------

80-90% of men with metastatic castration-resistant PCa (mCRPC) have radiologically detectable bone metastases.\[[@ref10]\] Pain is the most common symptom. Vertebral metastases can cause compression fracture, spinal cord compression, and/or nerve root compression. Axial skeleton (vertebral bodies, pelvis, ribs, skull) is involved much more commonly compared to long bones. Ineffective erythropoiesis leads to anemia. Hypocalcemia is generally not symptomatic.\[[@ref10]\]

ADT causes an annual bone loss of 4.6%. The most significant loss of BMD occurs within the first year of ADT. Men receiving GnRH analogs with or without antiandrogens have similar BMD losses.\[[@ref11]\]

Evaluation of bone metastases {#sec2-5}
-----------------------------

Metastasis to bone is a poor prognostic factor in PCa. Early detection of bone metastases is important in deciding patient management and improving their quality of life, and it has become all the more crucial with the availability of bisphosphonates and other new drugs. The ideal time to investigate for bone metastases and the choice of right imaging modality are important in maximizing clinical benefit.

In addition to history and physical examination, serum calcium, alkaline phosphatase (ALP), and X-ray, newer bone markers, bone scintigraphy, positron emission tomography (PET), computed tomography (CT) scan, and magnetic resonance imaging (MRI) have an important role to play in detecting bone metastases.

Biomarkers of bone metabolism have been used to assess bone formation and resorption, especially in drug trials. Markers of bone formation include ALP, osteocalcin, and procollagen. The specificity of ALP has been improved by developing monoclonal antibodies recognizing bone isoenzymes of ALP (bALP). This is a marker of osteoblast cell activation, and so more representative of bone metastases.\[[@ref12]\]

The enzyme Tartrate-Resistant Acid Phosphatase (TRAP), products of bone breakdown like calcium and products of bone matrix degradation like hydroxyproline, pyridinium cross-links, and telopeptides are the markers of bone resorption. However, none of them are being used in clinical practice.\[[@ref13]\]

Plain X-ray requires 30-75% of normal bone mineral content to be lost before radiolucency is apparent. This limits its sensitivity to detect bone metastases to 44-50%.\[[@ref14]\]

Conventionally, bone scintigraphy with 99mTc-methylene diphosphonate (99mTc-MDP) has been the imaging modality of choice in detecting bone metastases.

The recommended indications for performing bone scan in the initial workup of PCa have been summarized in [Table 1](#T1){ref-type="table"}. Briganti *et al*. have developed a risk stratification tool to select patients requiring initial imaging from a series of 853 patients.\[[@ref15]\] Their classification and regression tree (CART) stratifies patients into low risk \[biopsy Gleason ≤7, cT1-3, and prostate-specific antigen (PSA) \<10 ng/ml\], intermediate risk (biopsy Gleason ≤7, cT2-3, and PSA \>10 ng/ml), and high risk (biopsy Gleason \>7), conferring a risk of bone metastases of 1.8%, 8.5%, and 16.4%, respectively. Briganti *et al*.\'s regression tree shows higher sensitivity (87.5%) compared to the European Association of Urology (EAU), American Urological Association (AUA), and National Comprehensive Cancer Network (NCCN) guidelines.

###### 

EAU and NCCN recommendations
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99mTc-MDP is a nonspecific marker of osteoblastic activity. Therefore, Bone Scan (BS) detects bone metastases at an advanced stage of tumor infiltration, when osteoblastic reaction to metastatic cell deposit has occurred.\[[@ref16]\] Sensitivities reported in the literature range between 62 and 89%.\[[@ref16]\]

99mTc-MDP accumulates in response not only to tumor but also to degenerative joint disease, benign fractures, and inflammation, thus decreasing its specificity.\[[@ref17]\] Images in bone scans are limited to anterior and posterior planes. Standard planar bone scan can be improved by single-photon emission computerized tomography (SPECT) on selected areas.\[[@ref18][@ref19]\] Further, with advent of new radiopharmaceutical agents like 18F-fluorocholine and 18F-fluoride, PET/CT has been found to be more accurate than 99mTc-MDP bone scan. Even-Sapir *et al*. have compared bone metastases detection by 99mTc-MDP scan, SPECT, 18F-fluoride PET, and 18F-fluoride PET/CT in 44 patients with high-risk PCa.\[[@ref20]\] The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of planar 99mTc-MDP bone scan were 70%, 57%, 64%, and 55%, respectively, of SPECT were 92%, 82%, 86%, and 90%, respectively, of 18F-fluoride PET were 100%, 62%, 74%, and 100%, respectively, and of 18F-fluoride PET/CT were 100% for all parameters.\[[@ref20]\]

CT scan has not been used as a screening test, but rather as a second-line imaging technique to evaluate abnormal bone scan uptakes remaining unexplained after standard X-ray or to image suspicion of neurological disorders.

The superiority of MRI over bone scan in detecting bone metastases has been repeatedly demonstrated.\[[@ref21][@ref22]\] MRI can not only detect bone metastases, but also quantify it, and so can measure tumor response to therapy.\[[@ref23]\] However, the use of MRI in first line is not feasible owing to its limited availability and cost. MRI identifies bone metastases at an early stage, before host reaction of the osteoblasts becomes visible on bone scan and X-ray.\[[@ref16]\] Recently, the diagnostic performance of one-step MRI of the axial skeleton (MRIas) has been compared to the routinely used imaging modalities. Sensitivities were 46% for Tc-99m MDP bone scan alone, 63% for BS/X-ray, 83% for BS/X-rays/MRI, and 100% for MRIas. Corresponding specificities were 32%, 64%, 100%, and 88%.\[[@ref24]\]

Evaluation of bone loss due to ADT {#sec2-6}
----------------------------------

Early identification of bone loss in men on ADT guides selection of candidates for lifestyle modifications, dietary changes, and medical therapy. BMD measured in g/cm^2^ accounts for about 70% of bone strength. Conventionally, dual-energy X-ray absorptiometry (DXA) scan has been used to quantify BMD. This method measures BMD changes in spine, hip, proximal femur, and total body. A DXA scan can be rapidly performed in the office and uses radiation doses lower than those of conventional X-ray.\[[@ref25]\] This technology uses two X-ray beams, which are attenuated differently by bone and soft tissues, specifically to image bone with a high degree of accuracy. The X-ray images are internally analyzed to determine bone mineral content in grams and then divided by the image area to determine BMD. Results of BMD measurement are reported as T-score, which is the number of standard deviations with which patient\'s measured bone loss deviates from the mean of young normal population of the same sex at a given site.\[[@ref26]\] WHO has classified osteoporosis on the basis of T-score \[[Table 2](#T2){ref-type="table"}\]. This classification was originally developed for white postmenopausal women, but is also applied to men now. Deterioration in T-score is directly related to fracture risk. A 10-20% bone loss represented by a T-score of −1 increases the relative risk of fracture by 1.5- to 2-fold.

###### 

WHO osteoporosis classification
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Until recent past, BMD has been used as a surrogate for fracture risk due to ADT-mediated osteoporosis. Though BMD is one of the important risk factors predicting fracture risk, it has now been found that most fractures occur in men whose BMD is not in osteoporotic range.\[[@ref27]\]

Several other factors like prior fragility fracture, family history of hip fracture, current tobacco smoking, chronic use of glucocorticoids, daily use of at least 3 units of alcohol, rheumatoid arthritis, and other causes of secondary osteoporosis have been implicated in causing fragility fractures.\[[@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35]\] Based on these risk factors with or without measured BMD, WHO has developed an algorithm that quantitatively assesses fracture risk. NCCN guidelines for the management of PCa recommend this online algorithm (<http://www.shef.ac.uk/FRAX/tool.jsp>) for fracture risk assessment and for guiding pharmacological therapy to decrease the risk of fragility fractures in patients on ADT.\[[@ref36]\]

DRUGS USED IN THE MANAGEMENT OF BONE COMPLICATIONS IN PROSTATE CANCER {#sec1-3}
=====================================================================

Bisphosphonates {#sec2-7}
---------------

These are the most commonly used drugs in the management of bone complications in PCa. Their structural similarity to inorganic phosphate helps them to incorporate into bone and bind to hydroxyapatite. Once inside the bone, they act in the following ways to decrease bone resorption:

Decrease the availability of hydroxyapatite crystals and osteoclast-mediated resorption.Inhibit recruitment, differentiation, attachment, and survival of osteoclasts.Act on osteoblasts to indirectly inhibit osteoclast differentiation and activation.Inhibit RANKL expression in PCa cells, further diminishing osteoclast activity.\[[@ref37]\]

Potency of bisphosphonates is governed by the presence or absence of an amino side chain at R2 location. Etidronate, Clodronate, Pamidronate, alendronate, ibandronate, risedronate, and zoledronic acid (ZA) are the currently available bisphosphonates, listed from lowest to highest potency. ZA is 100 times more potent than Pamidronate and 1000 times more potent than Etidronate.\[[@ref38]\]

Based on the results of three randomized controlled trials involving more than 3000 patients, intravenous ZA received Food and Drug Administration (FDA) approval in 2002 for treatment of bone metastases from any solid tumor including PCa.\[[@ref39][@ref40][@ref41]\]

The Zometa 039 was a popular trial in which 643 men with CRPC and asymptomatic or minimally symptomatic bone metastases were assigned randomly to intravenous ZA (4 or 8 mg every 3 weeks) or placebo.\[[@ref41]\] All men continued ADT and received additional cancer therapy at the discretion of the treating physicians. The primary study end point was the proportion of men who experienced one or more skeletal related event (SRE; pathologic fracture, spinal cord compression, surgery or radiation therapy to bone, or change in antineoplastic treatment to treat bone pain) by 15 months. Adverse renal events led to two amendments. First, ZA was infused over a longer time period (from 5 to 15 min) and in greater infusate volume (from 50 to 100 ml). Second, the ZA 8 mg treatment dose was reduced to 4 mg, with serum creatinine monitoring before each dose, and the primary efficacy assessment became the comparison of the 4 mg group versus placebo. After these amendments, adverse renal events between the groups were similar.

ZA was associated with fewer SREs than the placebo group at 15 months (33.2% vs. 44.2%; *P* = 0.021). ZA increased the median time to first SRE (488 days vs. 321 days; *P* = 0.009). Median survival was longer in the ZA group than in the placebo group (546 days vs. 464 days; *P* = 0.091) and the observed difference in overall survival (OS) was not statistically significant.

The Medical Research Council (MRC) PR05 is an important study evaluating the role of oral clodronate in metastatic castration-sensitive PCa.\[[@ref42]\] Long-term results of this study published recently have shown a significant benefit in OS in the clodronate group compared with placebo (8-year OS 22% vs. 14%, *P* = 0.032). CALGB/CTSU 90202 is an ongoing study evaluating the role of ZA in castration-sensitive metastatic PCa.\[[@ref43]\] Six hundred and eighty men with PCa who have started ADT within 3 months have been assigned to ZA (4 mg intravenously every 4 weeks) or placebo. The primary end point is SRE or PCa death. Given the encouraging results in MRC PR05 with the comparatively weak bisphosphonate Clodronate, data from CALGB/CTSU 90202 are eagerly anticipated.

The role of ZA in preventing bone metastases in non-metastatic PCa is being evaluated in an ongoing randomized, controlled trial called The Zometa European Study (ZEUS).\[[@ref43]\] The study enrolls men without bone metastases who have at least one of the following factors that put them at high risk: PSA \>20 ng/ml, lymph node metastases, or Gleason score ≥8 primary tumor. It will randomly assign a total of 1433 men to ZA (4 mg IV every 3 months for 48 months) or to standard care without ZA. The primary end point is the proportion of men with at least one bone metastasis after 48 months of therapy.

Alendronate is another bisphosphonate that has gained popularity, especially with it\'s once a week oral dosage. It has been shown that once a week 70 mg oral alendronate significantly increases the BMD in osteopenic or osteoporotic men with PCa treated with ADT, compared to those not receiving bisphosphonate therapy. It has also shown to significantly decrease the risk of femoral neck fracture after 1 year of follow-up in these patients.\[[@ref44]\]

In men with metastatic CRPC, NCCN recommends ZA 4 mg intravenously every 3-4 weeks, but the total duration of therapy is not clear. For prevention of ADT-related fragility fractures, NCCN recommends risk assessment using FRAX nomogram, and if this risk warrants therapy, ZA 4 mg IV annually or Alendronate 70 mg orally weekly should be administered.

Toxicity is an important concern with Bisphophonates. Hypocalcemia is a common side effect, and it is prudent to start Vitamin D before the initiation of therapy and to monitor calcium levels during therapy. Some patients can have a self-limiting acute phase reaction within 24 h of infusion. Renal insufficiency requires dose modification of ZA and the drug is not recommended if GFR is \<30 ml/min/1.7 m^2^. Nephrotoxicity of ZA can be reduced by increasing its infusion time from 5 to 15 min and by using 4 mg dose instead of 8 mg. If a normal baseline creatinine increases ≥0.5 mg% or abnormal baseline creatinine increases ≥1.0 mg%, further doses should be withheld till the creatinine returns to 10% of baseline.\[[@ref37]\]

Another dreaded side effect of ZA is osteonecrosis of jaw (ONJ). Duration of therapy, dosage, and dental extraction during therapy are the risk factors associated with ONJ. Oral examination before the initiation of therapy, extraction of non-restorable teeth before therapy, and a 2-3 weeks gap between extraction and initiation of therapy have been proposed to reduce the risk of osteonecrosis.\[[@ref45]\] Antimicrobial rinses with chlorhexidine, antibiotics, surgical debridement, and laser therapy are recommended by the American Association of Oral and Maxillofacial Surgeons for the management of ONJ.\[[@ref46]\]

Denosumab {#sec2-8}
---------

As RANKL is an important regulator of osteoclast activity, RANKL inhibition is a rational strategy in the management of osteoclast-mediated bone complications. Denosumab is a fully human monoclonal IgG2 antibody with a high affinity for human RANKL. It has a longer circulatory half-life (46 days) compared to bisphosphonates, and suppresses bone turnover markers for 84 days.\[[@ref47]\]

Ease of subcutaneous administration (120 mg subcutaneously every 4 weeks), lack of nephrotoxicity, and absence of acute phase reaction are the other advantages of Denosumab over Bisphoshonates. However, ONJ does occur with denosumab also.

Denosumab received FDA approval for the treatment of patients with bone metastases derived from solid tumors in November 2010 following the positive results of a randomized trial where its efficacy was compared with zoledronate in breast cancer patients with bone metastases.\[[@ref48]\]

Denosumab Trial 103 compared denosumab (120 mg SC every 4 weeks) with ZA (4 mg IV every 4 weeks) in 1901 men. The primary objective of this trial was to demonstrate non-inferiority of denosumab compared with ZA, whereas the secondary objective was to evaluate superiority of Denosumab and comparative safety and tolerability of the two drugs. The primary end point was time to first SRE. Median time to first SRE was significantly better in the denosumab arm (20.7 months vs. 17.1 months; *P* = 0.001 for non-inferiority, *P* = 0.008 for superiority). OS and overall disease progression were equivalent. Men treated with denosumab experienced higher incidence of hypocalcemia (12.8% vs. 5.8%) and a nonsignificant trend toward higher ONJ (2.3% vs. 1.3%; *P* = 0.09).\[[@ref49]\] An improved efficacy of Denosumab compared with Bisphosphonates was also reported in a phase II trial of patients with multiple tumor types -- PCa (45%), breast cancer (40%), and other tumors (15%).\[[@ref50]\] Further analysis of a subset of patients with PCa (*n* = 50) from this trial revealed the superiority of Denosumab compared with Bisphosphonates for normalization of bone turnover based on urinary biomarkers.\[[@ref51]\] This was achieved in 69% of patients in the denosumab group and in only 19% of patients in the bisphosphonate group. The first on-study SRE rate observed in this subset of patients was 3% and 19% in the Denosumab and Bisphosphonate groups, respectively.\[[@ref51]\]

More recently, the result of Denosumab 147 trial, evaluating the role of this drug in preventing metastases in non-metastatic CRPC, was published.\[[@ref52]\] In this phase 3, double-blind, randomized, placebo-controlled study, 1432 men with non-metastatic castration-resistant PCa at high risk of bone metastases (PSA ≥8.0 ng/dl or PSA doubling time ≤10.0 months or both) were enrolled at 319 centers from 30 countries. Patients were randomly assigned (1:1) via an interactive voice response system to receive subcutaneous denosumab 120 mg or subcutaneous placebo every 4 weeks. The primary end point was bone-metastases-free survival, a composite end point determined by time to first occurrence of bone metastasis (symptomatic or asymptomatic) or death from any cause.

Denosumab significantly increased bone-metastases-free survival by a median of 4·2 months, compared with placebo (median 29·5 months vs. 25·2 months; *P* = 0.028). Denosumab also significantly delayed time to first bone metastasis (33·2 months vs. 29·5 months, *P* = 0.032). OS did not differ between groups (denosumab, 43.9 months vs. placebo, 44.8 months, *P* = 0.91). Rates of adverse events and serious adverse events were similar in both groups, except for ONJ and hypocalcemia. Thirty-three (5%) patients on denosumab developed ONJ versus none on placebo. Hypocalcemia occurred in 12 (2%) patients on denosumab and 2 (\<1%) on placebo.\[[@ref52]\]

A request seeking FDA approval for using denosumab to prevent metastases in patients with non-metastatic CRPC had been filed. However, a recent news article reported that a panel of cancer experts from FDA voted 12 to 1 against expanding the current indications of the drug since the benefits of this drug did not outweigh its risks, which included bone disease (ONJ) in about 6% of patients. Panelists termed this delay in bone metastases a "statistical benefit," but not one that resulted in increased survival or higher quality of life for patients.\[[@ref53]\] A final decision in this regard is expected in April 2012 after FDA reviews the application.

ROLE OF PALLIATIVE RADIOTHERAPY TO BONE IN METASTATIC PROSTATE CANCER {#sec1-4}
=====================================================================

Palliative radiotherapy is being used commonly to relieve local pain from uncomplicated bone metastases at single or multiple sites, in metastatic spinal cord compression, and impending pathological fractures. 70-80% of patients who receive local radiotherapy to relieve bone pain respond to it and up to one-third achieve a complete response. A single dose of 8 Gy is adequate and optimal for palliation for the patient with localized metastatic bone pain. There is generally no role for multifraction treatment in uncomplicated bone metastasis.\[[@ref54]\] A large proportion of patients receiving single-dose radiotherapy for metastatic bone pain are likely to require retreatment. Overall, around 25% of patients are retreated after a single dose of radiation. Retreatment is both feasible and effective after single doses of 8 Gy, even over the spinal cord, and a further single dose of 8 Gy or a fractionated schedule of 20 Gy in five fractions is perfectly safe.\[[@ref55]\] Retreatment should be considered in all patients who have persistent or recurrent bone pain. Generally, response reaches a plateau at 4-6 weeks after treatment, and so patients should be encouraged to wait at least 4 weeks after treatment before considering retreatment. Often patients have pain at multiple sites, flitting from one site to another. In such patients, local radiotherapy is unsatisfactory and may require multiple treatment visits. Wide-field or hemi-body radiotherapy should be considered in such patients. In patients with metastatic spinal cord compression, surgical decompression is the treatment. However, patients with a poor performance status, poor survival prognosis, and involvement of multiple spinal segments are candidates for radiotherapy. Metastatic lesions with a high risk of fracturing require elective surgical stabilisation. Painful low-risk lesions, however, can be treated conservatively using external beam radiotherapy. Radiotherapy is also given after surgical stabilization to induce remineralization of the fractured bone and to stabilize the osteosynthetic prosthesis.

SYSTEMIC RADIONUCLIDE THERAPY {#sec1-5}
=============================

Radiation therapy is known to reduce tumor size and decrease osteolysis and skeletal tumor burden. Some radiopharmaceuticals when systemically administered are preferentially taken up at areas of exposed hydroxyapatite resulting from metastasis. An effective agent will specifically target tumor cells in metastatic bone lesions and spare the adjacent bone marrow.

Most commonly used agents are beta-emitters, Strontium 89 and Samarium 153, and alpha-emitter, Radium 223. These agents have been shown to palliate pain due to bone metastasis.\[[@ref56]\] As these agents also irradiate the bone marrow, myelosuppresion is the most prominent toxicity of these agents.

Beta-emitting agents, Strontium 89 (^89^Sr) and Samarium 153 (^153^Sm), have been approved for palliation of pain due to bone metastases. ^89^Sr has shown an increased OS in patients with CRPC. ^153^Sm has also shown an increased disease-free survival with a trend toward increased OS in patients with CRPC and bone metastases.\[[@ref57][@ref58]\] Further, radionuclide therapy in combination with other therapy has shown favorable results. ^153^Sm in combination with docetaxel showed marked improvement in bone pain and a trend toward increased OS.\[[@ref59]\]

Radium 223 or alpharadin (^223^Ra) is different from ^89^Sr and ^153^Sm in being an alpha-emitting agent. Alpha emission has a limited range compared to beta emission, and so the marrow-related toxicity is lesser.

Alpharadin in symptomatic PCa (ALSYMPCA) is a notable recent phase III study in which 900 patients were randomly assigned 2:1 to ^223^Ra (six IV administrations separated by 4-week intervals) or to placebo. The primary end point was OS. In June 2011, the study was stopped early on the basis of the recommendation of an independent data monitoring committee after a preplanned interim efficacy analysis. Compared with placebo, ^223^Ra chloride was associated with improved OS (median, 14.0 months vs. 11.2 months; *P* = 0.0022).\[[@ref60]\] It not only significantly prolonged time to first SRE, but also significantly prolonged three out of four SRE components, i.e. time to pathological fracture, time to spinal cord compression, and time to external beam radiation. Hematologic toxicity consisted of neutropenia in 4% of patients and thrombocytopenia in 8%. The most common non-hematologic toxicities were bone pain (43% with radium-223 vs. 58% in the placebo group), diarrhea (22% vs. 13%), nausea (34% vs. 32%), vomiting (17% vs. 13%), and constipation (18% in both groups). The significant improvement in OS in the ^223^Ra arm was an unexpected but encouraging result. This discreet advantage over the already FDA-approved drugs, denosumab and ZA, has brought ^223^Ra to the forefront and the results of this interim analysis are expected to expedite its FDA approval for treatment of metastatic PCa.

Selective estrogen receptor modulator {#sec2-9}
-------------------------------------

Raloxifene and Toremifeneare orally administered selective estrogen receptor modulators (SERMs) that exert estrogenic effects on bone, and have been shown to improve BMD in men on ADT.\[[@ref61][@ref62]\] In a randomized, placebo-controlled trial on 1389 men receiving ADT, toremifene significantly reduced the number of new vertebral fractures, when compared with placebo (2.5% vs. 4.9%; *P* \< 0.05). Toremifene also significantly increased BMD at the lumbar spine by 2% and at the hip by 1.6%. It decreased breast pain, decreased hot flashes, and caused favorable changes in lipid profile.\[[@ref63]\] No SERM has yet been approved by FDA for reduction of osteoporotic fracture risk in men receiving ADT for PCa.

ROLE OF DIETARY SUPPLEMENTS {#sec1-6}
===========================

Because calcium is a large constituent of bone mass and Vitamin D improves intestinal calcium absorption, adequate intake of calcium and Vitamin D is necessary to maintain healthy bone mass. Therefore, Ca and VitD supplements are considered an essential component of an ADT-induced bone loss prevention or treatment strategy. NCCN recommends 1200 mg of supplemental calcium daily and 800-1000 IU of vitamin D3 daily in all men \>50 years of age on ADT.\[[@ref36]\] Further, all men on Denosumab should also be given supplemental calcium and vitamin D3, as this drug is known to cause hypocalcemia.

THERAPEUTIC AGENTS TO TREAT BONE COMPLICATIONS IN PROSTATE CANCER: WHAT DOES THE EVIDENCE SAY? {#sec1-7}
==============================================================================================

While evaluating the clinical utility of various bone-targeted therapies, four clinical implications need to be considered:

Can the available drugs reduce the incidence of SREs in metastatic CRPC?Can these drugs reduce the incidence of SREs in metastatic androgen-sensitive PCa?Can these drugs prevent metastasis in patients with non-metastatic CRPC?Can these drugs prevent fragility fractures in men receiving ADT?

Presence of pathological fracture, radiation or surgery to bone, and spinal cord compression have been considered SREs in most studies.

Tables [3](#T3){ref-type="table"}-[6](#T6){ref-type="table"} summarize the salient studies addressing these four clinical questions.

###### 

Prevention of SREs in metastatic CRPC
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Prevention of SREs in androgen-sensitive prostate cancer
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Prevention of metastasis in non-metastatic CRPC
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Prevention of fragility fractures in men on ADT
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NEWER THERAPEUTIC APPROACHES FOR BONE COMPLICATIONS IN PROSTATE CANCER {#sec1-8}
======================================================================

Endothelin a receptor-targeted therapies {#sec2-10}
----------------------------------------

Endothelin 1 is secreted by the epithelial cells of normal prostate, and its signaling modulates vasomotor tone, nociception, hormone production, and cellular proliferation. It has a role in activation of osteoblasts and formation of bone metastases via its activation of endothelin 1 (ET~A~) receptor.\[[@ref68]\] ET~A~ receptor antagonists Atrasentan and Zibotentan are thus being investigated for their likely beneficial role in the management of bone metastases. Results of phase III trials of both these drugs have been disappointing.\[[@ref69]\]

SRC-targeted therapies {#sec2-11}
----------------------

SRC (pronounced "sarc" as it is short for sarcoma) is a tyrosine kinase inhibitor that promotes several mechanisms involved in metastasis, like cell proliferation and survival, cell adhesion, migration, invasion, and dissemination to distant organs.\[[@ref70]\] Dasatinib is one of the several inhibitors of SRC that are in clinical development for the treatment of prostate and breast cancer.\[[@ref71]\] It has been shown to suppress markers of bone turnover and is currently under study in a phase III trial for men with CRPC that compares docetaxel monotherapy and docetaxel with dasatinib.\[[@ref72]\] The results of this trial are expected in December 2012.

Saracatinib and bosutinib are the other SRC inhibitors being evaluated as potential therapeutic agents in bone metastasis.\[[@ref73][@ref74]\]

WHAT DO THE GUIDELINES SAY? {#sec1-9}
===========================

Changes in the recent EAU and NCCN guidelines speak volumes about the growing concern for management of bone health in PCa patients. [Table 1](#T1){ref-type="table"} summarizes EAU and NCCN 2011 recommendations.

CONCLUSION {#sec1-10}
==========

Maintaining an optimum bone health in patients with metastatic PCa and in those on ADT should be an important consideration for the treating physician. Appropriate use of imaging modalities like PET/CT and MRI can help detect bone metastasis with greater accuracy. WHO/FRAX nomogram should be utilized to identify candidates at risk of fragility fractures so that appropriate treatment can be initiated. Current evidence supports the use of FDA-approved agents ZA and Denosumab in preventing SREs and fragility fractures. However, their approval for use in men with non-metastatic CRPC for preventing bone metastases is awaiting further evaluation. Amongst the newer therapeutic agents likely to have an impact on management of bone metastases, Radium 223, with its added advantage in improving OS, seems to be the most promising.
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